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  ﭼﻜﻴﺪه
 ﻣﻘﺪﻣﻪ
ﺗﻮاﻧﻨﺪ  ﻲﻣﺷﻮﻧﺪ،  ﻣﻲ ﺴﺖﻳز ﻂﻴوارد ﻣﺤ آﻻﻳﻨﺪهﻣﺨﺘﻠﻒ ﺑﻪ ﻋﻨﻮان ﻣﻮاد  ﻲﺻﻨﻌﺘ يﻫﺎﻓﺮآﻳﻨﺪ ﻲﻃ ﻛﻪ ﻨﻲﻴﻓﻠﺰات ﺳﻨﮕ
ﺷﺎﻣﻞ  ﺮاﻣﻮنﻴﭘ ﻂﻴﻓﻠﺰات در ﻣﺤ ﻦﻳﻏﻠﻈﺖ ا ﻖﻴدﻗ ﻦﻴﻴﺗﻌ و ﻲﺎﺑﻳارز اﻳﺠﺎد ﻧﻤﺎﻳﻨﺪ.ﺳﻼﻣﺖ اﻧﺴﺎن اي ﺑﺮ يا ﻣﺨﺎﻃﺮات ﮔﺴﺘﺮده
. ﺮدﻴاﻧﺠﺎم ﮔ ﻳﺪﺑﺎﺟﻬﺖ وﺿﻊ ﻗﻮاﻧﻴﻦ ﻣﺮﺑﻮط ﺑﻪ ﺣﻔﺎﻇﺖ از ﻣﺤﻴﻂ زﻳﺴﺖ، ﺳﻼﻣﺖ و ﺑﻬﺪاﺷﺖ ﻋﻤﻮﻣﻲ  ﻫﻮا ﺧﺎك و ﻏﺬا، آب،
 ﻒﻴﻃ ،(SAA) ﻲﻃﻴﻒ ﺳﻨﺠﻲ ﺟﺬب اﺗﻤ ﺮﻴﻧﻈ ﻲدﺳﺘﮕﺎﻫ يﻫﺎ ، روشﻦﻴﻓﻠﺰات ﺳﻨﮕ از ﻦﻴﻳﭘﺎ يﻫﺎ ﻏﻠﻈﺖ ﺶﻳﭘﺎ و ﻦﻴﻴﺗﻌي ﺑﺮا
ﻋﻠﻲ رﻏﻢ ﺻﺤﺖ و دﻗﺖ ﺑﺎﻻي اﻳﻦ ﻛﻪ ... وﺟﻮد دارﻧﺪ  و (SEA-PCI)ﻳﻲﺟﻔﺖ ﺷﺪه اﻟﻘﺎ يﭘﻼﺳﻤﺎ ﻲﻧﺸﺮ اﺗﻤ ﻲﺳﻨﺠ
 ﺎزﻴﻧ ،ياﻧﺮژ يﺑﺎﻻﻣﺼﺮف  ،ﺑﺎﻻي ﻧﻴﺮوي اﻧﺴﺎﻧﻲﻣﻬﺎرت  ،ﻗﻴﻤﺖ ﮔﺮانو  ﺪهﻴﭽﻴﭘ ﺰاتﻴﺑﻪ ﺗﺠﻬي ﺎزﻣﻨﺪﻴﻧﻫﺎ، ﺑﺎ ﺗﻮﺟﻪ ﺑﻪ  ﺗﻜﻨﻴﻚ
ﻫﺎ ﺑﺎ  ، اﺳﺘﻔﺎده از آنﺒﻮدنﻧﭘﺮﺗﺎﺑﻞ  ﻲ ﺑﻪ ﺧﺎﻃﺮﺪاﻧﻴﻣ ﻊﻳﺳﺮ يﺰﻫﺎﻴﺟﻬﺖ آﻧﺎﻟ ﻫﺎ اﻣﻜﺎن اﺳﺘﻔﺎده از آنﻋﺪم و  ﻪﻳﺑﻪ ﺗﻬﻮ
ﺑﺎﺗﻮﺟﻪ ﺑﻪ اﻳﻨﻜﻪ ﻫﺮﻛﺪام از اﻳﻦ روﺷﻬﺎ داراي ﻣﻌﺎﻳﺐ و ﻣﺰاﻳﺎﻳﻲ ﻣﻴﺒﺎﺷﻨﺪ، اﻧﺘﺨﺎب روش  .ﻫﺎي ﺟﺪي ﻫﻤﺮاه اﺳﺖ ﻣﺤﺪودﻳﺖ
 ﻫﺎياﻟﻜﺘﺮودﻫﺎي دﺳﺘﮕﺎﻫﻲ، اﺳﺘﻔﺎده از  ﺑﺎ اﻳﻦ ﺗﻜﻨﻴﻚ ﻣﻘﺎﻳﺴﻪ در ﺧﺎص ﺣﺎﺋﺰ اﻫﻤﻴﺖ ﻣﻴﺒﺎﺷﺪ.ﻣﻨﺎﺳﺐ ﺑﺮاي آﻧﺎﻟﻴﺰ ﻳﻚ ﻧﻤﻮﻧﻪ 
ﺘﺮ ارزاﻧﻫﺎﻳﻲ از ﺟﻤﻠﻪ  ﻫﺎي زﻳﺴﺖ ﻣﺤﻴﻄﻲ، ﻣﺰﻳﺖ ﮔﻴﺮي آﻻﻳﻨﺪه ﻫﺎي ﭘﺘﺎﻧﺴﻴﻮﻣﺘﺮي ﺟﻬﺖ اﻧﺪازه ﺑﺮ اﺳﺎس ﺗﻜﻨﻴﻚ ﻦﻳﮔﺰ ﻮنﻳ
در وﻗﺖ و  ﻳﻲﺻﺮﻓﻪ ﺟﻮ، ﺑﻮدن ﻦﻳﮔﺰ ﻮنﻳ ﻞﻴدﻟﻪ دﻗﺖ ﺑﺎﻻ ﺑي، ﺻﺤﺖ و ﺮﻴاﺳﺘﻔﺎده در ﻣﺤﻞ ﻧﻤﻮﻧﻪ ﮔ، ﺣﻤﻞ آﺳﺎن، ﺑﻮدن
ﻫﺎي  ﻂﻴدوام ﺑﺎﻻ در ﻣﺤ ﺖﻴﻗﺎﺑﻠ ،ﮔﺴﺘﺮده ﻲﻜﻴﻨﺎﻣﻳﺑﺎزه د، ﻊﻳﺳﺮ ﻳﻲزﻣﺎن ﭘﺎﺳﺨﮕﻮ، ﻛﺎرﺑﺮد راﺣﺖ، آﺳﺎن يآﻣﺎده ﺳﺎز، ﻨﻪﻳﻫﺰ
ﻳﻚ  ﻲﺳﺎﺧﺖ و اﻋﺘﺒﺎر ﺑﺨﺸﻫﺪف اﻳﻦ ﻣﻄﺎﻟﻌﻪ  ﺑﺎﺷﺪ. را دارا ﻣﻲﻫﻤﭽﻨﻴﻦ ﻋﺪم ﺗﺨﺮﻳﺐ ﻧﻤﻮﻧﻪ  و ﺸﮕﺎهﻳآزﻣﺎﭘﻴﭽﻴﺪه و رﻧﮕﻲ و 
  ﺑﺎﺷﺪ. ﻲ ﻣﻲآﺑ يﻫﺎ ﻂﻴدر ﻣﺤ (III)آﻫﻦ  ﻦﻴﻓﻠﺰ ﺳﻨﮕ ﻲﮔﻴﺮي ﻛﻤ اﻧﺪازه يﺑﺮا ﻦﻳﮔﺰ ﻮنﻴﻛﺎﺗ ﻳﻲﺎﻴﻤﻴﺣﺴﮕﺮ اﻟﻜﺘﺮوﺷ
 روش ﻛﺎر
ﺑﻪ ﻋﻨﻮان ﻣﺎﺗﺮﻳﻜﺲ  ﭘﻠﻲ وﻳﻨﻴﻞ ﻛﻠﺮاﻳﺪدرﺻﺪ وزﻧﻲ  33ﻣﺨﻠﻮط ﻛﺮدن ﻛﺎﺗﻴﻮن ﮔﺰﻳﻦ ﻣﻮرد ﻧﻈﺮ از ﻏﺸﺎء ﭘﻠﻴﻤﺮي
 95/5ﺣﺪود ﺑﻪ ﻋﻨﻮان ﻳﻮﻧﻮﻓﺮ،  6-ﻛﺮون-81-ﺑﻨﺰودرﺷﺖ ﻣﻮﻟﻜﻮل ﺣﻠﻘﻮي ﻧﻴﺘﺮو درﺻﺪ وزﻧﻲ از  6اﻟﻲ  4 ﺣﺪود، ﭘﻠﻴﻤﺮي
ﺳﺎﺧﺘﻪ  ﻓﻮران ﻫﻴﺪرو ﺗﺘﺮا ﻣﻴﻠﻲ ﻟﻴﺘﺮ 3 درﺻﺪ وزﻧﻲ ﻟﻴﭙﻮﻓﻴﻠﻴﻚ ادﺗﻴﻮ در 2اﻟﻲ  0/5ﺣﺪود  و ﺰرﻳﺳﺎ ﻲدرﺻﺪ وزﻧﻲ ﭘﻼﺳﺘ 16/5اﻟﻲ
ﻣﻄﺎﻟﻌﻪ در ذﻳﻞ اﻧﺠﺎم ﺷﺪ. ﻓﺎز اول ﻣﻄﺎﻟﻌﻪ ﺟﻬﺖ اﻧﺘﺨﺎب ﻛﺎﺗﻴﻮن ﻫﺪف و ﻓﺎز دوم  ﻓﺎز ﺑﻪ ﺗﺮﺗﻴﺐ ﭘﻨﺞ ﺳﭙﺲ ﻣﻄﺎﻟﻌﺎت در .ﺷﺪ
راﺳﺘﺎي ﺑﻬﻴﻨﻪ ﺳﺎزي ﻏﺸﺎء و ﻋﻤﻠﻜﺮد اﻟﻜﺘﺮود ﻧﺴﺒﺖ ﺑﻪ ﻛﺎﺗﻴﻮن ﻫﺪف اﻧﺠﺎم ﮔﺮدﻳﺪ. در ﻓﺎز ﺳﻮم و ﭼﻬﺎرم ﻣﻄﺎﻟﻌﻪ ﺑﻪ ﺗﻮﺻﻴﻒ 
ﮔﺰﻳﻦ ﺳﺎﺧﺘﻪ ﺷﺪه از ﻃﺮﻳﻖ ﻣﻄﺎﻟﻌﺎت ﻃﻴﻒ ﺳﻨﺠﻲ و  (III) آﻫﻦﻫﺎي ﻏﺸﺎء ﺳﻨﺘﺰ ﺷﺪه و ﺣﺴﮕﺮ اﻟﻜﺘﺮوﺷﻴﻤﻴﺎﻳﻲ  وﻳﮋﮔﻲ
ﺑﻪ ﻣﻨﻈﻮر  (III)در ﻓﺎز ﭘﻨﺠﻢ، ﻣﻄﺎﻟﻌﺎت اﻋﺘﺒﺎر ﺑﺨﺸﻲ ﭘﺎﺳﺦ ﺣﺴﮕﺮ آﻫﻦ  ﻫﺎي آزﻣﺎﻳﺸﮕﺎﻫﻲ ﭘﺮداﺧﺘﻪ ﺷﺪ و در ﻧﻬﺎﻳﺖ ﺗﻜﻨﻴﻚ
اﻃﻤﻴﻨﺎن از ﺻﺤﺖ و دﻗﺖ ﭘﺎﺳﺦ ﺣﺴﮕﺮ ﺳﺎﺧﺘﻪ ﺷﺪه ﺑﺎ اﻧﺠﺎم آﻧﺎﻟﻴﺰﻫﺎي واﻗﻌﻲ ﺑﻪ ﻛﻤﻚ ﺗﻜﻨﻴﻚ دﺳﺘﮕﺎﻫﻲ ﺟﺬب اﺗﻤﻲ و 
ان اﻟﻜﺘﺮود ﺑﻪ ﻋﻨﻮ ﺳﺎﺧﺘﻪ ﺷﺪه اﻟﻜﺘﺮود ﻣﻘﺎﻳﺴﻪ ﻧﺘﺎﻳﺞ ﺑﻪ دﺳﺖ آﻣﺪه ﺑﺎ ﻧﺘﺎﻳﺞ ﺣﺎﺻﻞ از ﺣﺴﮕﺮ اﻟﻜﺘﺮوﺷﻴﻤﻴﺎﻳﻲ اﻧﺠﺎم ﺷﺪ.
 ﺪﻴاﺳ ﻚﻴﺗﺘﺮا اﺳﺘ ﻦﻴآﻣ يد ﻠﻦﻴﺑﺎ اﺗ (III)آﻫﻦ  يﻫﺎ ﻮنﻳ يﻮﻣﺘﺮﻴﭘﺘﺎﻧﺴ ﻮنﻴﺘﺮاﺳﻴدر ﺗ ﺎنﻳﻧﻘﻄﻪ ﭘﺎ ﻦﻴﻴﺗﻌ يﺑﺮا ﺷﻨﺎﺳﺎﮔﺮ،
  ﺪ.ﮔﺮدﻳاﺳﺘﻔﺎده   (ATDE)
  ﻳﺎﻓﺘﻪ ﻫﺎ
-81-ﺑﻨﺰو ﻧﻴﺘﺮو ﮔﺰﻳﻦ ﺑﺮ ﭘﺎﻳﻪ ﻏﺸﺎء ﭘﻠﻴﻤﺮي ﻣﺘﺸﻜﻞ از ﭼﻬﺎر ﺟﺰء اﺻﻠﻲ ﻳﻮﻧﻮﻓﺮ (III)در ﻣﻄﺎﻟﻌﻪ ﺣﺎﺿﺮ اﻟﻜﺘﺮود آﻫﻦ 
و ﭘﻼﺳﺘﻲ ﺳﺎﻳﺰر اورﺗﻮ ﻧﻴﺘﺮو ﻓﻨﻴﻞ اﻛﺘﻴﻞ اﺗﺮ ( BPlCpTK)ﻛﻠﺮو ﻓﻨﻴﻞ ﺑﻮرات -4، ﻟﻴﭙﻮﻓﻴﻠﻴﻚ ادﺗﻴﻮ ﭘﺘﺎﺳﻴﻢ ﺗﺘﺮا ﻛﻴﺲ 6-ﻛﺮون
ﺧﻄﻲ ﺑﺎ ﺷﻴﺐ  ﻲﭘﺎﺳﺨ ﺳﺎﺧﺘﻪ ﺷﺪ ﻛﻪ 33، 06/5، 1/5، 5ﺪ وزﻧﻲ ﺑﻪ ﺗﺮﺗﻴﺐ در ﭘﻲ وي ﺳﻲ ﺑﺎ درﺻ( EOPN-O)
 7/0×01- 7ﺗﺸﺨﻴﺺ ﭘﺎﻳﻴﻦ ﺣﺪ ﺑﺎ (III)ﻛﺎﺗﻴﻮن آﻫﻦ از ﻣﻮﻻر  1/0×01-6ـ1/0×01-1در ﮔﺴﺘﺮه ﻏﻠﻈﺘﻲ  91/77±0/72ﻧﺮﻧﺴﺘﻲ
ﺛﺎﻧﻴﻪ ﺑﻪ دﺳﺖ  51زﻣﺎن ﭘﺎﺳﺦ دﻳﻨﺎﻣﻴﻜﻲ ﺣﺴﮕﺮ اﻟﻜﺘﺮوﺷﻴﻤﻴﺎﻳﻲ ﺳﺎﺧﺘﻪ ﺷﺪه ﻣﻴﺎﻧﮕﻴﻦ  ﻧﺸﺎن داد. Hp (2/9-6/1)در ﻣﺤﺪوده 
ﻫﻔﺘﻪ ﺑﺎ ﺗﻜﺮار ﭘﺬﻳﺮي ﻗﺎﺑﻞ ﻗﺒﻮل ﻧﺘﺎﻳﺞ ﻣﻮرد اﺳﺘﻔﺎده ﻗﺮار ﮔﻴﺮد. اﻟﻜﺘﺮود ﺳﺎﺧﺘﻪ  21ﺗﻮاﻧﺪ ﺑﻪ ﻣﺪت  آﻣﺪ. ﺣﺴﮕﺮ ﺳﺎﺧﺘﻪ ﺷﺪه ﻣﻲ
ﻫﺎي ﻣﺰاﺣﻢ ﻣﻌﻤﻮل ﻳﻚ، دو و  در ﺣﻀﻮر ﻣﻘﺎدﻳﺮ ﻗﺎﺑﻞ ﺗﻮﺟﻪ از ﻳﻮن (III)ﺷﺪه اﻧﺘﺨﺎب ﭘﺬﻳﺮي ﺑﺴﻴﺎر ﺑﺎﻻﻳﻲ ﺑﺮاي ﻛﺎﺗﻴﻮن آﻫﻦ 
  اد.ﺳﻪ ﻇﺮﻓﻴﺘﻲ از ﻓﻠﺰات ﻗﻠﻴﺎﻳﻲ، ﻗﻠﻴﺎﻳﻲ ﺧﺎﻛﻲ، ﻓﻠﺰات واﺳﻄﻪ و ﻓﻠﺰات ﺳﻨﮕﻴﻦ ﻧﺸﺎن د
  ﺑﺤﺚ و ﻧﺘﻴﺠﻪ ﮔﻴﺮي
ﮔﺰﻳﻦ ﺳﺎﺧﺘﻪ ﺷﺪه در ﻣﻄﺎﻟﻌﻪ ﺣﺎﺿﺮ ﺑﻪ ﻃﻮر ﻣﻮﻓﻘﻴﺖ آﻣﻴﺰي ﺟﻬﺖ ﺗﻌﻴﻴﻦ ﻣﻘﺪار  (III) آﻫﻦﺣﺴﮕﺮ اﻟﻜﺘﺮوﺷﻴﻤﻴﺎﻳﻲ 
ﺑﻪ ﻛﺎر ﮔﺮﻓﺘﻪ ﺷﺪ. ﻧﺘﺎﻳﺞ اﻋﺘﺒﺎر ﺑﺨﺸﻲ ﭘﺎﺳﺦ ﺣﺴﮕﺮ  ﻲو ﺻﻨﻌﺘﻲ ﻄﻴﻣﺤ ﺴﺖﻳزﻫﺎي واﻗﻌﻲ  در ﻧﻤﻮﻧﻪeF 3+ﻛﻤﻲ ﻳﻮن آﻻﻳﻨﺪه 
ﻫﺎي دﺳﺘﮕﺎﻫﻲ ﻧﻈﻴﺮ ﺟﺬب اﺗﻤﻲ ﻧﺸﺎن دﻫﻨﺪه دﻗﺖ و ﺻﺤﺖ ﺑﺎﻻي  ﺣﺎﺻﻞ از ﺗﻜﻨﻴﻚاﻟﻜﺘﺮوﺷﻴﻤﻴﺎﻳﻲ و ﻣﻘﺎﻳﺴﻪ آن ﺑﺎ ﻧﺘﺎﻳﺞ 
  ﺑﺎﺷﺪ. ﻣﻲeF  ٣+ﮔﻴﺮي ﻛﻤﻲ ﮔﻮﻧﻪ آﻻﻳﻨﺪه  اﻧﺪازه ﺣﺴﮕﺮ در
  
 يﻏﺸﺎءﻫﺎ ،ﻦﻴﻓﻠﺰات ﺳﻨﮕ  ﻳﻲ،ﺎﻴﻤﻴﺣﺴﮕﺮ اﻟﻜﺘﺮوﺷ، ﻦﻳﮔﺰ ( III ) آﻫﻦاﻟﻜﺘﺮود  ،6ـ ﻛﺮونـ    81 ـ   ﻧﻴﺘﺮو ﺑﻨﺰو ﻫﺎي ﻛﻠﻴﺪي: واژه
 ﭘﻠﻴﻤﺮي
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Heavy mtals which released into the environment during various industrial processes as 
Pollutants can cause sever health effects on human beings. Therefor, accurate determination of 
exact concentration of these metals in surrounding environment, including water, food, soil and 
air are essentially desired for codification of rules concerning environmental protection and 
public health. To determine low concentration of heavy metals, instrumental techniques such as 
atomic absorption due to spectroscopy (ICP- AES) are developed. Instrumental techniques 
usages is associated with serious lemetations due to their high cost of supplementary equipment, 
necessity of skilled manpower presence and aor ventilation, high energy consumption and the 
impossibility of their portable use in the field. In compare to instrumental techniqes, ion selective 
electrodes(ISES) base on potentiometric techniques are relatively cheaper and offer advantages 
including portability, simplicityof prepration, ease of application, fast response time, wide 
dynamic range with significant low detection limit, superior accuracy and reproducibility with 
high selectivity towards the ion of intrest and their dyrability for continuous monitoring in 
environmental, agricultural, industrial and biological fiels. According to limitations of 
industrumental techniques, the current study aomed to fabricated and validate a cation selective 
electrochemical sensor for quantitative determination of Iron (III) in aqueous media. 
 
 
Methods: The cation selective polymeric membranes was prepared thorough mixing of ٣٠٫٠ wt% 
of  PVC as a polymeric matrix, ~ ٣٫٠ to ٥٫٠ Wt% of Nitrobenzo-١٨-crown-٦ (NB-١٨-C٦) macro-
cylic molecule as an ionophore, ~٥٩٫٥ to ٦١٫٥ Wt%of plasycizer and ~٠٫٥ to ٢ Wt% of lipophilic 
additive in ٣ mL of THF. Afterwards, the studies were conducted in five phases as followes; in the 
first phase the target cation was designated. Phase two was carried out to optimize the composition 
of the fabricated membrane for improving the performance of the electrode towards target cation. In 
phase three and four, the fabricated membrane was characterized and characteristic performance of 
the iron (III) electrochemical sensor was investigated using instrumental and experimental 
techniques. Finally, in phase five validation investigations was carried out to confirm the accuracy 
and precision of the developed iron (III)selective electrode by comparing the obtained data with the 
data acquired from  AAS. The proposed electrode used as an indicator electrode in potentiometric 
titration of iron (III) solution with standard EDTA solution. 
Resuls: In the current work an iron (III) selective electrode based on polymeric membrane 
including NB-١٨-C٦ as an ionophore, potassium tetrakis(٤-chlorophenyl)borate (KTPCIPB) as 
lipophilic additive, ortho-nitrophinyl octyl ether (O-NPOE) as plasticizer and polyvinyl chloride 
(PVC) As a Polymeric matrix with composition of  ٥:١٫٥:٦٠٫٥:٣٣ mg was prepared. The proposed 
electrode revealed the Nerstian slope of ١٩٫٧٧± ٠٫٢٧ (mV per decade of activity) over  
 
 
the pH range from ٢٫٩ to ٦٫١ with a satisfactory concentration range of ١٫٠×١٠-٦M to ١٫٠×١٠-١M 
and detection limit of ٧٫٠×١٠-٧M. The developed sensor exhibited good repeatability over a useful 
life time of about ١٢ weeks with a fast response time of ١٥ seconds. The proposed electrode 
revealed high selectivity towards iron (III) cation in the presence of common interfering mono, bi 
and trivalent ions of alkali, alkaline earth, trasition and heavy metals. 
Dscussion and Conclusion: The fabricated electrochemical sensor in in the current work was 
successfully applied for quantitative determination of iron (III) contaminants ions real 
environmental and industrial samples. Comparing the obtained data proposed sensor with the data 
acquired from AAS confirmed the accuracy and precision of the fabricated sensor in quantitative 
determination of iron (III) contaminants ions. 
 
Keywords: NitrobBenzo-١٨ Crown-٦, Iron (III) selective electrodes, Electrochemical sensor 
validation, Heavy metals, Polymeric membrane. 
 
